Summary Using a colony of Wistar-lmamichi rats contaminated with P. pneumotropica, the vaginal microflora was qualitatively and quantitatively investigated by swabbing.
P. pneumotropica was the most dominant organism in the majority of rats examined.
The population of P. pneumotropica and indigenous bacteria increased significantly higher at oestrus than in other oestrous stages. By the vaginal flushing technique changes in the population of P. pneumotropica and total bacteria, and changes in vaginal cell type and bacterial counts adhering to vaginal epithelial cells were consecutively investigated. The populations of P. pneumotropica and total bacteria were maximal at oestrus. The increase was correlated with an increase in cornified non-nucleated cells, with large numbers of adherent Gram-negative coccobacilli. The findings indicate that the vagina is a suitable site for colonization by P. pneumotropica in adult female rats, and that proliferation of P. pneumotropica may be due to increased affinity of the organism for cornified non-nucleated cells.
The population of vaginal microOora changes cyclically according to the oestrous cycle (Larsen, Markovetz & Galask, 1976b; . Recently it was reported that Pasteurella pneumotropica, being well known as a potential respiratory and/or occasionally suppurative pathogen, was isolated from the vagina of clinically healthy mice and rats at high incidence and high concentration (Brennan, Fritz & Flynn, 1969; Moore & Aldred, 1978; van der Schaaf, Mullink, Nikkels & Goudswaard, 1970; Saito, Kohjima, Sano, Nakayama & Nakagawa, 1981 ) .
Using rats obtained from a colony contaminated with P. pneumotropica, 2 experiments were conducted:
( 
Materials and methods

Rats
Wistar-lmamichi rats, virgin female, on the 4th day of the oestrous cycle, were purchased from the Institute for Animal Reproduction, Omiya, Saitama, Japan. This colony was known to be contaminated with P. pneumotropica. In this study rats 10-15 weeks old were used. Rats were housed individually in a rearing cage with wire floor. Rats were maintained in a temperature-and lightcontrolled room (24°± 2°C, 12 h of light and 12 h of dark). Feed and water were available ad libitum.
Rats were preconditioned for more than 2 weeks for stabilization of the oestrous cycle. No manipulation of the vagina was performed during this period.
Media
Media used were modified from those for intestinal bacteria (Mitsuoka, Sega & Yamamoto, 1965 
Bacteriological identification
Aerobes and facultative anaerobes were identified to genus or species according to the Manual for the Identification of Medical Bacteria (Cowan & Steel, 1965 ) and Bergey's Manual of Determinative Bacteriology (Buchanan & Gibbons, 1974) . The identification of P. pneumotropica was according to Mannheim, PoW & Hollander (1980) and Schulz, PoW & Mannheim (1977) . Organisms grown on anaerobic media were tested for air tolerance for 48 h. Obligate anaerobes were identified to family or genus by the growth and morphology of colony on selective agar and Gram-staining according to Bergey's Manual.
Determination of the stage of the oestrous cycle
In Experiment I, the oestrous cycle was determined by vaginal smear, ballooning of uterus and ovulation and was divided into 3 stages: pro-oestrus, oestrus and a combination of metoestrus and dioestrus (described as metoestrus + dioestrus). In Experiment 2, the stage of the oestrous cycle was determined by smears of daily vaginal flushings for 2 oestrous cycles.
hxperiment I Quantitative examination of vaginal microflora 37 healthy rats were killed by decapitation between 9.30 and 11.00 a.m. All of the genital organs were isolated aseptically and placed on a sterile glass plate. The vaginal wall was incised longitudinally towards the cervix. Vaginal contents were obtained by rubbing gently with a pre-weighed sterile swab about a half of the mucosal area of the vagina and cervix. The swab was weighed and placed into a prereduced tube containing 2 ml of sterile buffer saline solution (Mitsuoka, Sega & Yamamoto, 1965) . The tube was shaken thoroughly by a vortex mixer. The swab was discarded and 3 or 4 serial 10-fold dilutions were made with sterile buffer saline solution. 0·02 ml of undiluted specimens and each of the serial dilutions of the specimens were spread into 4 quadrants of all media described above and incubated. Numbers of bacteria per weight of vaginal contents were calculated and expressed as logarithmlO of colony-forming units per 10 mg of vaginal contents.
Experiment 2 (I) Population of P. pneumotropica and total bacteria in daily vaginal flushings 5 clinically healthy rats, 10 weeks old, with P. pneumotropica, but free of Proteus spp., were selected. The samplings of vaginal flushings were made between 9.30 and 11.00 a.m. and continued daily for 2 consecutive oestrous cycles. The vaginal flushing and plate count technique were modified after Larsen, Markovetz & Galask (1977) . Rats were anaesthetized with ether for about 5 min. Preliminary examination proved that the anaes-' thesia had no influence on the vaginal bacteria and the oestrous cycle. The vulva was cleaned with 70% ethanol. A tip of a sterile siliconized pipette with PBS (pH 7'2) was inserted into the vagina and flushed several times. Flushings were transferred spreading throughout the slide preparations, the number of bacteria on each cell was counted and the number of bacteria in a cell-free area, of similar area to the average size of cornified nonnucleated cells, was subtracted. The average size of cornified non-nucleated cells was determined on microscopic photographs of the cells taken from the smear preparation of each rat at each oestrous stage.
Statistical analyses
In Experiment 1, Student's t-test was used to evaluate significant differences (P == 0'05) in the number of total bacteria, P. pneumotropica, Streptococcus spp. and Bacteroidaceae between two stages of the oestrous cycle. In Experiment 2, paired t-test was used to evaluate significant differences in P. pneumotropica counts, total bacterial counts and percentages of epithelial cells with more than 10 or 30 adherent bacteria.
Results
Experiment 1
Incidences and counts of bacteria isolated from 37 rats are shown in Table 1 . The mean bacterial count was 10 6 . 8 per 10 mg of vaginal contents with a range of 10 4 . 8 _10 8 .°. P. pneumotropica was isolated from 36 rats (mean 10 6 . 5 ± 0'2, range 10 4 . 1 _10 7 . 9 ).
This was one of the predominant organisms and especially the most dominant in 27 rats. Streptococcus spp. and Bacteroidaceae were isolated from 36 rats and were also predominant organisms. S. faecalis was isolated from 19 rats. Enterobacteriaceae and Peptococcaceae were isolated from 24 and 17 rats respectively. escherichia coli and Proteus m irabilis were isolated Mean concentra tion *
*Meanslog,o ± standard errors per 10 mg of vaginalcontents. tValue was obtained from 18 rats, from which 0·1 ml of undiluted specimenswere plated on LBSagar.
frequently. Lactobacillus spp., Micrococcus spp.,
Staphylococcus epidermidis
and Corynebacterium sp. were isolated less frequently.
The means ± standard errors of the number of total bacteria, P. pneumotropica, Streptococcus spp. and Bacteroidaceae at 3 stages of the oestrous cycle are illustrated in Fig. 1 . Mean numbers of total bacteria were significantly higher (P<O'OS) at oestrus (14 rats) than those at pro-oestrus (9 rats) or metoestrus + dioestrus (14 rats), and significantly higher at pro-oestrus than at metoestrus + dioestrus (P<O·OS).
Mean numbers of P. pneumotropica, Streptococcus spp. and Bacteroidaceae were significantly higher at oestrus than those at prooestrus or metoestrus '+ dioestrus (P<0·05). Mean numbers of P. pneuma trapica at any stage of the oestrous cycle were greater than of Streptococcus spp. and Bacteroidaceae. P. pneumotropica was isolated as the most dominant organism in 13 of 14 rats at oestrus, 6 of 9 rats at pro-oestrus and 8 of 13 rats at metoestrus + dioestrus. The numbers of Enterobacteriaceae and Peptococcaceae were larger at oestrus as compared with pro-oestrus and metoestrus + dioestrus, though the number of Enterobacteriaceae fluctuated among rats.
Experiment 2
The viable counts of P. pneumotropica obtained from vaginal contents of 5 rats for 2 consecutive oestrous cycles are shown in Fig. 2 . P. pneumotropica was consistently detected in all rats, ranging from 10 3 -10 7 per vagina. Cyclical changes in the numbers of P. pneumotropica, rising every 4th day were evident. Numbers of P. pneumotropica increased from dioestrus toward pro-oestrus and reached a peak at oestrus. As shown in Fig. 3 , total bacterial counts showed a similar cyclical pattern to the numbers of P. pneumotropica.
Proportions of cornified cells to total epithelial cells are shown in Table 2 . Vaginal epithelial cells at oestrus consisted mostly of cornified nonnucleated cells (93'7%). These cells were fewer at other stages. Percentages of leukocytes to total epithelial cells plus leukocytes were 89,6% at metoestrus and 36'3% at dioestrus. Most leukocytes were polymorphonuclear cells. At pro-oestrus and oestrus leukocytes were rarely present. Fig. 4 shows the percentages of cornified nonnucleated cells and cornified or round nucleated cells with more than 10 or 30 adherent bacteria. Numbers of bacteria in a similar sized cell-free area ranged from 0-6, with an average of 2. It was therefore considered that > 10 or >30 bacteria Stage of the oestrous cycle all cornified non-nucleated cells had >30 adherent bacteria and some had> 100 bacteria. On the other hand a small proportion of cornified or round nucleated cells with> I 0 or 30 adherent bacteria were present at all stages of the oestrous cycle. In some smear preparations at oestrus stained by Gram, most of the bacteria adhering to cornified non-nucleated cells were Gram-negative coccobacilli, though Gram-positive cocci were observed.
Stage of the oestrous cycle Fig. 3 . Changes in viable counts of P. pneumorropica and total bacteria in vaginal fJushings of 5 rats through the oestrous cycle. Means ± standard errors of viable counts of P. pneumorropica (0) and total bacteria (O)/vagina of 5 rats were obtained from daily samples for 2 oestrous cycles. Paired t-test was used to assess significant differences in bacterial counts between one stage and the immediately preceding stage. There was a significant difference (P < 0·0 1) in the counts between 2 stages.
Discussion
In the present survey on the vaginal micro flora of rats from a colony contaminated with P. pneumotropica, the predominant organisms were P. pneumotropica, streptococci and Bacteroidaceae. Since the vulva is close to the anus in rats, it seems likely that intestinal bacteria are introduced into the vagina. However, the predominant organisms in faeces of rats, i.e., lactobacilli, staphylococci, bifidobacteria and clostridia (Mitsuoka & Kaneuchi, 1977) , were isolated from the vagina less frequently or not at all. There were fewer S. faecalis than other streptococci. These findings are similar to those reported by Larsen, Markovetz & Galask (1976a) , and indicate that the vaginal micro flora of ra ts is a specific micro flora consisting of indigen- Cornified non-nucleatedcells Cornified or round nucleated cells Leukocytest
*Means± standard errors. tThe ratio of leukocytes to the total counts of the vaginalepithelial cellsand leukocytes.
N<O·l%.
ous bacteria. Saito et al. (1981) have reported that the primary location of P. pneumotropica is the pharyngolarynx. Nevertheless, the present finding that P. pneumotropica colonizes the rat vagina as the most dominant organism indicates that the vagina is a suitable site for this organism in adult female rats. Fig.4 . Changesin percentageof vaginalepithelialcellswith > 10 or > 30 adherent bacteria through the oestrous cycle. Means ± standard errors of percentage of cornified nonnucleated cells with > 10 adherent bacteria (0) or 30 bacteria (0) and cornified or round nucleated cells with > 10 bacteria (6) or > 30 adherent bacteria (.•) in daily smears of 5 rats for 2 oestrous cycles. In each smear, 20 cornified non-nucleated cells and 20 cornified or round nucleated cells were examined. Paired t-test was used to assess significant differences in percentages between one stage and the immediately preceding stage. There was a significantdifference (P < 0·05) in the percentagesbetween one stage marked * and the immediately precedingstage. The populations of vaginal bacteria at 3 stages of the oestrous cycle were compared. Composition of the microflora was not affected by the cycle. The bacterial populations varied cyclically during the oestrous cycle, as reported by Larsen et al. (1976b) .
The present finding, that P. pneumotropica obviously increased in number at oestrus, along with indigenous bacteria indicates that the vagina at this stage provides a favourable environment for the growth of both indigenous bacteria and P. pneumotropica.
By the vaginal flushing technique the relationship between the numbers of P. pneumotropica and vaginal cells was investigated. Increases in the population of total bacteria and P. pneumotropica corresponded to increases in the number of cornified non-nucleated cells and of bacteria adhering to cornified non-nucleated cells. Larsen et aZ. (1978) have observed by electron microscopy that bacteria were more abundant on exfoliated cells than on keratinized epithelium of the vagina. Cornified non-nucleated cells, which are degenerating, may serve as a source of nutrient materials for the proliferation of indigenous bacteria and P. pneumotropica.
In this study most bacteria adhering to cornified non-nucleated cells were Gram-negative coccobacilli. The predominant rodshaped organisms isolated from the vagina were P. pneumotropica and Bacteroidaceae. P. pneumotropica was present in greater numbers than Bacteroidaceae in most rats, especially at oestrus. Increases in the number of P. pneumotropica during the period from pro-oestrus to oestrus may be due to increased affinity of the organism for cornified non-nucleated cells. Moore, Allen & Ganaway (1973) have emphasized the strong affinity of P. pneumotropica for the intestinal mucosa of rats.
